ABSTRACT: Some aspects of wheat pasture bloat have been researched extensively, but few studies have evaluated the effect of wheat type or variety on bloat. Eight Gelbvieh × Angus ruminally cannulated heifers (515 ± 49 kg of BW) and 48 Angus heifers (238 ± 12 kg of BW) grazed 1-ha pastures of hard-red or soft-red winter wheat (Triticum aestivum L.) to evaluate the effect of wheat variety on bloat potential. In Exp. 1, cattle grazed from November 11 to 22 and from November 26 to December 7, 2006, in a crossover design. In Exp. 2, cattle were shrunk for 20 h and then grazed from December 19 to 20, 2006, and from January 19 to 20, 2007. In both experiments, bloat was scored at 1000 and 1600 h daily. Rumen samples were collected at 0600, 1200, and 1800 h during each of the last 2 d of each period in Exp. 1 and during both days of each period of Exp. 2. Rumen samples were evaluated for pH, foam production and strength, and viscosity. In Exp. 1, cannulated heifers grazing soft-red had a greater (P < 0.01) percentage of observed bloat (21.9 vs. 5.6%) than those grazing hard-red winter wheat, but bloat incidence was low (2.1%) for the stocker cattle, with no difference between hard-red and soft-red winter wheat (P = 0.52). Viscosity of the rumen fluid was affected (P = 0.03) by the wheat variety × time interaction, with soft-red at 1200 and 1800 h being more viscous than soft-red at 0600 h and hard-red at all times. Foam strength, as determined by bubbling CO 2 gas through rumen fluid, had a wheat variety × time interaction (P = 0.02) with both wheat varieties similar at 0600 h but soft-red having greater foam strength at 1200 and 1800 h. In Exp. 2, no bloat was observed, and no differences between wheat varieties were observed for any of the rumen foam measures. Therefore, for these 2 varieties, the soft-red winter wheat had a greater bloat potential than the hard-red winter wheat based on results from the cannulated heifers, but no differences were observed in the frequency of bloat in stocker cattle. In this study, shrinking of cattle before grazing wheat pasture did not induce bloat. 
INTRODUCTION
Millions of cattle graze hard-red (HR) winter wheat (Triticum aestivum L.) throughout the southern Plains of the United States. Stocker cattle can have adequate rates of BW gain while grazing winter wheat, but wheat-pasture bloat can be a problem. On average, annual death losses of 2% are expected from wheatpasture bloat (Horn, 2006) , but losses can be as much as 20% with serious outbreaks. In these reports, cattle were probably grazing HR winter wheat; however, in Arkansas cattle graze soft-red (SR) winter wheat and the incidence of bloat appears to be less (D. Hubbell III, Univ. of Arkansas Div. of Agric. Livestock and Forestry Res. Stn., Batesville, personal communication). Daniels et al. (2002) conducted a 3-yr study grazing cattle on SR winter wheat and reported no incidences of bloat.
Wheat pasture bloat is a type of frothy or foamy bloat where gases produced by microbial fermentation become trapped in a polysaccharide slime layer and cannot be eructated. If untreated, rumen pressure builds and interferes with respiration, thereby causing suffocation. Frothy bloat is caused by an interaction of plant, animal (Clarke and Reid, 1974) , and environmental factors (Majak et al., 1995) . Plant characteristics that have been associated with wheat-pasture bloat include increased ruminal digestibilities and concentrations of CP, and reduced concentrations of fiber components. There has been no research that evaluates wheat types (SR or HR) or varieties within those types for bloat-causing potential. Determining if a wheat variety is more or less apt to cause bloat would assist stocker cattle producers in calculating the risk of encountering this production problem.
The objectives of these experiments were to determine if a variety of SR vs. a variety of HR winter wheat had different bloat causing potentials in 2 distinct production situations: 1) cattle allowed to graze wheat normally during late fall, and 2) the initial response of cattle to bloat-provocative conditions while grazing winter wheat.
MATERIALS AND METHODS
Animals were cared for according to the guidelines of the University of Arkansas Institutional Animal Care and Use Committee.
Exp. 1
Forage Establishment. This study was conducted at the Arkansas Agriculture Research and Extension Center in Fayetteville. Soil types included Pickwick, Johnsburg, and Captina silt loams, and a Savannah fine sandy loam. Residual growth from the previous crop [pearl millet; Pennisetum americamum (L.) Leeke] was sprayed with glyphosate (1.1 kg/ha) to prevent regrowth and to control weeds. Nitrogen was applied at a rate of 56 kg of N/ha as ammonium nitrate (34-0-0) before establishment. Phosphorus and potassium were applied to meet requirements specified by the Arkansas Cooperative Extension Service soil test guidelines (Chapman, 2001) . Eight 1-ha pastures were assigned randomly to a forage treatment of HR (OK 101; Carver et al., 2003) or SR (GR 9108; Bacon et al., 2006) winter wheat. Forages were established on September 15 and 16, 2006 , at a rate of 140 kg/ha using a 2.1-m wide notill drill with 18-cm row spacing.
Animals and Sampling Procedures. Eight Angus × Gelbvieh ruminally cannulated heifers (515 ± 49 kg) and 48 primarily Angus stocker heifers (238 ± 12 kg) were received at the facility on November 7, 2006. Before and between periods, animals were fed medium quality warm-season grass hay (10.7% CP, 72.9% NDF, 59% IVDMD; DM basis) at ad libitum intake with no grain supplementation. A free-choice mineral without ionophores or surfactants also was offered (Sweet Mag, Ragland Mills, Neosho, MO).
Animals were stratified by BW and allocated randomly to the 1-ha pastures of SR or HR winter wheat. Four cannulated heifers were assigned to 2 of the pastures (2,060 kg of BW/ha), whereas 8 stocker cattle were assigned to each of the remaining 6 pasture replicates (1,904 kg of BW/ha). This resulted in 1 pasture per wheat variety for the cannulated heifers and 3 pastures per wheat variety for the stocker cattle. Two periods of 10 d were arranged in a crossover design. Periods 1 and 2 began on November 12 and 27, respectively, and were a total of 10 d in length with 8 d of adaptation and observation and 2 d of rumen fluid sample collection and observation. Bloat was scored twice daily (1000 and 1600 h) throughout the period as described by Horn et al. (2005) . This was a bloat scoring system of 0 to 3, where 0 = normal animal; 1 = slight distention of left side of animal; 2 = marked distention of the left side with rumen distended upward toward the top of the back, creating an asymmetrical (egg shape) appearance from the rear; and 3 = marked distention on the left and right sides of the animal with distention above the top of the back.
Forage availability was measured using a calibrated rising disk meter (Bransby et al., 1977) by walking in a zigzag pattern across each pasture on d 0 and 10 of each period to establish initial and final forage mass. Disk meter measurements were taken approximately every 20 steps, and there were 10 measurements taken in each pasture. Daily forage samples for each pasture were obtained after the 1000-h bloat scoring to assess nutritive value. Samples were clipped to a 5-cm height from 5 random locations and then placed in plastic freezer bags within an insulated cooler containing ice to stop plant respiration. Upon arrival at the laboratory, samples were weighed and then placed into a −20°C freezer for storage. Daily composites of each wheat variety were made and analyzed for correlating to daily bloat score. In addition, composites for each stocker cattle pasture across each period were made and analyzed.
On d 9 and 10, rumen fluid was sampled at 0600, 1200, and 1800 h to correspond with daily grazing bouts. Cannulated heifers were removed from the pastures approximately 10 min before sampling time. Samples of whole rumen contents were taken from 4 locations (ventral, dorsal, caudal, and cranial sacs), mixed, and then strained through 4 layers of cheesecloth into a plastic container to obtain approximately 250 mL of rumen fluid from each animal. Rumen contents left after straining were returned to the rumen. Immediately after sampling, pH of the rumen fluid was measured with a pH meter (Denver Instruments Inc., Denver, CO), a 50-mL subsample of rumen fluid was acidified with 0.5 mL of 3.6 M H 2 SO 4 , placed on ice, then kept in a −20°C freezer upon arrival in the laboratory. The remaining 200 mL of rumen fluid from each animal was transported in sealed containers to the laboratory in a warm water bath (30 to 35°C) and used to determine viscosity and foam-producing potential and strength.
Rumen Fluid Analysis. Upon arrival in the laboratory, fresh rumen fluid samples were placed into a 39°C water bath. Rumen fluid viscosity was measured using a Bostwick consistometer (Christison Particle Technologies Inc., Gateshead, UK). Twenty milliliters of rumen fluid was added to the reservoir, and then the gate was released to allow the rumen fluid to flow under its own weight. The distance traveled was read Bloat potential of winter wheat forages (cm) by taking the minimum and maximum distance of the liquid front every 30 s for 3 min. Minimum and maximum distances were used to calculate the average distance traveled. Rumen fluid foam production and strength were measured by a modified method of Pressey et al. (1963) and Min et al. (2005a,b) . Fifty milliliters of rumen fluid was poured into a 250-mL graduated cylinder, then CO 2 was bubbled at 6.9 kPa from a bottom inlet through the rumen fluid for 30 s. Maximum foam height (cm) was measured as the initial distance between the interface of the foam and liquid and the actual height of the foam. Foam strength was calculated by the percentage of the initial foam height remaining after 5 min.
Acidified rumen fluid was used to determine VFA and ammonia-N concentrations. Rumen fluid was centrifuged at 2,100 × g for 20 min at 21°C and supernatant removed and stored at −20°C for later analysis. Volatile fatty acids were analyzed by GLC. Meta-phosphoric acid (25% wt/vol) solution (0.2 mL) with 2-ethyl butyric acid as an internal standard was added to 1 mL of rumen fluid supernatant in duplicate, vortexed, and then frozen overnight at −20°C. The next day, samples were thawed at room temperature, centrifuged at 12,700 × g for 5 min at 21°C, and the supernatant was transferred to vials and refrigerated until analysis. Samples were analyzed with an automated Hewlett Packard 5890 gas chromatograph fitted with a Nukol fused silica capillary column (30 m × 0.25 mm i.d. × 0.25 µm film thickness; Supelco Inc., Bellefonte, PA), a 5 m × 0.25 mm i.d. fused silica intermediate polarity guard column (Supelco Inc.), and an flame ionization detector. One microliter of sample with a 100:1 split was injected into the column with helium as the carrier gas (20 cm/sec at 185°C). Temperatures of the oven, inlet, and detector were 185, 220, and 250°C, respectively. Chromatograph peaks were quantified by comparing retention times of sample component peaks to those of a VFA standard mix (Supelco Inc.). Fatty acid amounts were quantified using the known amount of 2-ethylbutric acid as an internal standard. Ammonia-N was analyzed using a modified colorimetric method (Broderick and Kang, 1980) . Forage Nutritive Value Analyses. Forage samples were freeze-dried at −50°C, weighed back to determine the concentration of DM, and then ground using a Wiley mill (Arthur H. Thomas, Philadelphia, PA) to pass through a 1-mm screen. Daily composite samples were made for each treatment by combining samples from each of the 3 pastures that had stocker cattle assigned to them. Also, composites of each period were made for each pasture that had stocker cattle assigned. Samples were kept at −20°C between all laboratory procedures. Samples were analyzed for total N by the rapid combustion procedure (Official Method 990.03, AOAC, 1998; Elementar Americas Inc., Mt. Laurel, NJ). Neutral detergent fiber (Van Soest et al., 1991) was determined by batch procedures using the ANKOM 200 Fiber Analyzer (Ankom Technology Corp., Fairport, NY). Sodium sulfite and α-amylase were omitted from the NDF solutions. In vitro OM disappearance (IVOMD) was determined using the batch culture method described by Ankom Technology Corporation. Neutral detergent insoluble N was determined by quantifying N within NDF residues by the combustion procedure described previously. Nonprotein N was determined according to Licitra et al. (1996) using the tungstic acid method and gravity filtration of residues. The maximum length for peptides using this procedure is approximately 3 AA units. Buffer-soluble N was determined using a boratephosphate buffer with the addition of sodium azide to control microbial growth (Licitra et al., 1996) . Soluble true protein was calculated by the difference of buffer soluble N (% of total N) minus NPN (% of total N). Protein degradability was measured using the Streptomyces griseus protease method with a 48-h incubation at 39°C as described by Coblentz et al. (1999) .
Exp. 2
The same pastures and animals were used in this experiment as in Exp. 1. This study used a similar design with 2 periods in a crossover design, but the length of the periods were 2 d, and the cattle were withheld from feed and water for 20 h before each period. The intent was to mimic a situation where new cattle were turned onto bloat provocative wheat.
The first period began on December 19, 2006, and the second on January 19, 2007. Initial BW of the cannulated cattle for period 1 and 2 were 557 ± 50 kg and 552 ± 54 kg, respectively. Initial BW of the stocker cattle for period 1 and 2 were 247 ± 16 kg and 269 ± 16 kg, respectively. Due to a lack of wheat forage, cattle were removed from the wheat pastures between periods and fed the same hay as in Exp. 1, but the diet also included a grain mix offered at 0.5% of BW daily (91% cracked corn, 4% molasses, and 5% trace mineral salt). Before assignment of treatments, all animals were stratified by bloat scores from the previous experiment and assigned randomly to treatments to minimize variation in bloat potential of the cattle.
Cattle were weighed at 1200 h on d −1 and then placed in a corral with no access to feed or water until 0800 h on d 0. On d 0 (December 19 and January 19), rumen fluid samples were taken from the ruminally cannulated heifers at 0600 h; all of the cattle were weighed at 0800 h and then assigned to their pastures at approximately 0900 h. Daily bloat scoring was conducted as described in Exp. 1. Rumen fluid samples were obtained on d 0 and 1 at the same times and using the same methodology as described for Exp. 1; subsequent analysis of rumen fluid also was identical to that described for Exp. 1. Forage availability was measured on d 1 of each period, and forage samples were obtained on d 0 and 1 for subsequent analysis of nutritive value as described previously.
Statistical Analysis
In Exp. 1, forage availability data for the stocker cattle pastures were analyzed as a completely randomized design with the pasture being the experimental unit using the MIXED procedure (SAS Inst. Inc., Cary, NC). The model included wheat variety, period, and time (initial or final), and all interactions, with a repeated statement using time and pasture as the subject. In Exp. 2, only initial forage availability was obtained, so it was analyzed using the same model as forage nutrient data. Forage nutrient data obtained from composite samples for each stocker cattle pasture were analyzed as a completely randomized design using the MIXED procedure of SAS. The model included wheat variety and period and their interaction. Forage availability (initial and final) and nutrient (last 4 d of each period) data obtained from pastures assigned to cannulated heifers were analyzed by the MEANS procedure; however, these means could not be subjected to mean separation procedures because HR and SR pastures were not replicated.
Daily bloat score data were analyzed independently for cannulated and stocker cattle by chi-square analysis using the FREQ procedure. The model included wheat variety. Correlations between bloat scores and daily nutritive value analyses and environmental temperatures were conducted using the CORR procedure of SAS. A mean bloat score for each pasture was calculated for each period and analyzed using the MIXED procedure. The model included wheat variety, period, and their interaction.
Rumen fluid data were analyzed using the MIXED procedure. The model included period, wheat variety, day, time, and all interactions. The random statement included animal × period × variety, and animal × period × variety × day. The repeated statement included time, and the subject was animal within wheat variety × period × day. For all analyses conducted with the MIXED procedure, when significance was declared at P ≤ 0.05 and tendencies at P ≤ 0.10 for the F-test, differences between least squares means were determined using the PDIFF option.
RESULTS AND DISCUSSION

Weather
Before pasture establishment, the summer was relatively dry until late August when 235 mm of precipitation occurred. At establishment, the soil was dry to about 5 to 7 cm deep. Two days after establishment, 90 mm of precipitation fell, and germination occurred approximately 7 d after establishment with the first leaf visible approximately 10 to 12 d after establishment. During the experiments, moisture was not limiting due to regular occurrences of precipitation. Temperature did not limit growth of the forages until early November when temperatures reached 0°C. During early December, temperatures dropped below freezing for several nights, causing frosting and wilting of the wheat forage.
Exp. 1
Forage Availability and Nutritive Value. Forage availability (Table 1) did not differ between SR and HR for the stocker cattle pastures (P = 0.95). Initial (1,406 kg of DM/ha) and final (1,121 kg of DM/ ha) forage availability differed (P = 0.001) due to the cattle grazing; however, there was no wheat variety × day interaction (P = 0.25). The initial and final forage availability for the pastures stocked with cannulated heifers also is shown in Table 1 .
No differences (P > 0.10) were found between wheat varieties in pastures grazed by stocker cattle for DM, NDF, N, IVOMD, soluble N fractions, NDIN, and neutral-detergent soluble N (DM basis; Table 1 ). Protein degradability was greater (P = 0.04) for SR than HR, but the small magnitude of this difference (1.0 percentage unit) suggests limited biological relevance. Soft-red wheat tended to be less in NDIN, as a % of N, than HR (P = 0.08), but this small difference also is unlikely to be biologically important. Soluble N fractions were relatively large and were within a range between bloat provocative and nonbloat provocative wheat pastures reported by Horn et al. (1977) . Nitrogen concentrations also were large (4.3%) and were identical (P = 0.98) across wheat varieties. Period effects were found for NDF, IVOMD, field DM, NDIN, soluble protein N, and NPN with concentrations during period 2 being less for all nutritive indices except DM, NDIN, and NPN (P < 0.05, data not shown). Nutritive values from the pastures with cannulated heifers were similar to those for stocker cattle for most analyses (Table 1) .
Bloat Observations. Cannulated heifers exhibited bloat during 13.8% of all observations, which was more frequent than observed for stocker cattle (Table  2) . Soft-red wheat had a greater percentage of bloat observations than HR (P < 0.01). Mean bloat score was greater for cannulated heifers grazing SR vs. HR (P = 0.02) with no wheat variety × period interaction (P = 0.25). The number of bloating incidents for the stocker cattle was small, occurring in only 2% of all observations (Table 2) . Also, severity of bloat was minimal, with only 3 cases of a bloat score of 2 and no scores of 3. Both wheat varieties had mean bloat scores of ≤0.05. Wheat variety had no effect on percentage of bloat observed (P = 0.52).
No correlations (Table 3) between bloat and any soluble N or NDIN fractions were observed with cannulated or stocker cattle. This occurred because the N fractions did not change during the course of each period and because incidences of bloat were minimal. For the cannulated heifers, IVOMD was positively correlated (P = 0.04) with bloat. For the stocker cattle, IVOMD tended to be positively correlated (P = 0.08) with bloat, whereas NDF tended to be negatively correlated (P = 0.06). Environmental temperature was negatively correlated with bloat for cannulated heifers (P = 0.01) and stocker cattle (P = 0.01). Lower temperatures and frost increased bloat scores perhaps because of increased fragility of leaves that caused a more rapid release of cell contents in the rumen (Horn, 2006) .
Incidence of bloat in our cattle was less than those reported in previous research (Branine and Gaylean, 1990 ) that had 50% bloat incidence, but their observations were made in the spring rather than fall. Our bloat incidence was similar to that of Min et al. (2005b) who observed a 9 to 41% incidence of bloat. Min et al. (2006) did not observe the onset of bloat until 50 d after cannulated steers began grazing winter wheat. However, these researchers observed increases in biofilm production by d 28 (their first sampling day) of winter wheat grazing. It is possible that greater instances of bloat might have been observed if the periods had lasted >10 d and the microbial populations had fully adjusted to the highly digestible wheat substrates.
In the present study, forage allowance may also have reduced the incidence of bloat. The cannulated heifers on SR and HR wheat varieties had forage allowances of 4.2 kg of DM/100 kg of BW daily and 5.8 kg of DM/100 kg of BW daily. Stockers had a forage allowance of 5.2 kg of DM/100 kg of BW daily assuming 70% utilization and no growth of the forage. Min et al. (2005b) found that bloat incidence was less for cattle grazing at a forage allowance of 6 kg of DM/100 kg of BW daily than for an allowance of 18 kg of DM/100 kg of BW daily. At the decreased forage allowance they had a 9% incidence of bloat, which is similar to our findings. In our Means in a row within a cattle group without a common superscript differ (P ≤ 0.05).
x,y
Means in a row within a cattle group without a common superscript differ (P ≤ 0.10). Means in a row within a cattle group without a common superscript differ (P ≤ 0.02). 1 n = 4 heifers/treatment; heifers observed for two 10-d periods, 2 times/d. 2 n = 24 calves/treatment; calves observed for two 10-d periods, 2 times/d. 3 Bloated, % = (number of animal observations with bloat score >0/total number of animal observations) × 100. study, SR had less of a forage allowance than HR, but cannulated heifers grazing SR exhibited 22% incidence of bloat compared with only 6% for cannulated heifers grazing HR (Table 2) .
The nutritive values and forage availabilities for both wheat varieties were similar for the stocker cattle, which may explain why no differences in bloat incidence were found. The greater incidence of bloat observed for cannulated cattle may be explained on the basis of greater total N concentrations in SR. It also was noted that SR grew in a prostrate pattern with limited erect tillers, whereas the HR grew more erectly. The NDF concentrations were similar between the wheat varieties; but by visual observation, the SR had more lush forage than HR at initiation of grazing. Horn (2006) suggested that the age of accumulated forage growth, as affected by soil fertility, moisture, and stocking rate, might influence forage nutritive value and coincidently bloat. Horn (2006) suggested that wheat forage of several days of accumulated growth is more fibrous, and thus cattle will secrete more saliva by cud chewing, thereby reducing incidence of bloat.
Rumen Fluid Analysis. Rumen fluid pH ( Figure  1A ) was affected by time (P < 0.001) with pH decreasing throughout the day, but was not affected by wheat variety (P = 0.63). The wheat variety × time interaction also was not significant (P = 0.72).
Rumen fluid from cattle on SR had greater foam production than HR (9.1 vs. 5.8 ± 0.84 cm, P = 0.04). Sampling time (P = 0.21) and the wheat variety × time interaction (P = 0.26) were not significant. There was an interaction of wheat variety × time (P = 0.02) for rumen fluid foam strength. Foam strength was not different between wheat varieties at 0600 h, but foam strength from heifers grazing SR was greater than that from HR at 1200 and 1800 h ( Figure 1B) . There also was a wheat variety × time interaction (P = 0.001) for rumen fluid consistency or viscosity ( Figure 1C ). Rumen fluid from cattle on HR did not change viscosity throughout the day, whereas rumen fluid from cattle on SR flowed a shorter distance at each subsequent sam- pling time, thereby indicating increased viscosity. Gupta and Nichols (1962) and Meyer and Bartley (1971) found that very viscous rumen fluid was associated with bloat. Very viscous rumen fluid does not permit gas to escape easily, thereby trapping it in the fluid.
Rumen fluid foam measurements also were similar to those of Okine et al. (1989) . Over time, foam height increased for bloat-prone cattle, but no change was observed for nonbloating cattle. They also reported slower ruminal fluid passage rates for bloat-prone cattle than for nonbloat-prone cattle. A slower rate of fluid passage would suggest more viscous rumen fluid.
Concentrations of total VFA (Table 4) tended to exhibit a wheat variety × time interaction (P = 0.07). Total VFA from heifers grazing HR increased at each sampling time, but SR increased only from 0600 to 1200 h and then did not change over the final time interval. Concentrations of acetate and propionate displayed effects of time with concentrations of acetate decreasing (P < 0.001) and that of propionate increasing (P < 0.001) in molar percentage with progressive sampling times averaged across sampling days. This resulted in a decrease across sampling times (P < 0.001) of the ratio of acetate to propionate when averaged across sampling dates. Concentrations of butyrate exhibited an interaction of wheat variety × time (P < 0.001). At 0600 h, SR and HR heifers had similar concentrations of butyrate in the rumen fluid, but heifers grazing SR had greater butyrate concentrations at 1200 and 1800 h than those grazing HR. Rumen ammonia concentrations did not differ between treatments at 0600 and 1800 h but were greater from heifers grazing SR at 1200 h (wheat variety × time interaction, P ≤ 0.10).
Volatile fatty acid proportions in this study were similar to those reported by Branine and Gaylean (1990) and Paisley and Horn (1998) . Acetate, propionate, and butyrate were approximately 60, 20, and 15 molar percent, respectively, in both studies. Rumen ammonia concentrations were similar to those reported in Branine and Gaylean (1990) but were less than reported by Paisley and Horn (1998) . The greater concentration of ammonia for cattle grazing SR may be related to the numerically greater concentration of total N within wheat forage for SR compared with HR.
Exp. 2
Forage Availability and Nutritive Value. Forage availability was only affected by period for the stocker cattle pastures (P = 0.003) with 1,247 and 1,003 kg of forage DM/ha for periods 1 and 2, respectively. In the pastures with the cannulated heifers, HR wheat had 1,526 kg of forage DM/ha, whereas SR had 1,105 kg of forage DM/ha when averaged over periods (Table 5 ).
In the stocker cattle pastures, no differences between wheat varieties were found for concentrations of DM, total N, NDF, IVOMD, or NPN (Table 5) . Concentrations of total N, DM, and NDF had period effects (P < 0.05) with total N decreasing, and concentrations of DM and NDF increasing, from period 1 to 2. Concentrations of soluble N (% of DM and of total N) were greater for HR (P < 0.05) than for SR. Concentrations of NDIN (% of total N) and protein degradability tended to be greater for SR (P < 0.10). Observed nutritive values for pastures with cannulated heifers also are shown in Table 5 .
Bloat Observations. No cases of bloat were observed during this experiment for the cannulated or the stocker cattle. This might be explained by the design of the experiment, in which cattle were removed from hay and grain before shrinking rather than allowing the cattle to first graze wheat to adapt the rumen to the wheat forage and then shrinking the cattle. During rumen sampling at 0600 h on d 1 of each period, the rumen still had large amounts of digesta that may have slowed digestion of the wheat forage and lessened the potential for bloat. Feeding of hay before putting cattle on pasture has effectively reduced bloat in other studies (Cole and Kleiber, 1945; Colvin et al., 1958) . Because no bloat was observed, correlations were not performed. Means in a row without a common superscript differ (P ≤ 0.05).
1 n = 4 heifers/treatment; samples taken during 2 periods for 2 d/period.
2
Wheat variety × time interaction (P ≤ 0.10).
3
Time effect (P < 0.001).
4
Wheat variety × time interaction (P < 0.001).
5
Wheat variety effect (P = 0.03).
Rumen Fluid Analysis. Rumen fluid pH (Table  6 ) was affected by a day × time interaction (P < 0.001). On d 1, as observed in Exp. 1, rumen pH decreased with time; however, on d 2 rumen pH at all 3 sampling times did not differ from the 1800 h sampling time on d 1. Wheat variety did not affect (P = 0.81) rumen pH; the average pH for both wheat varieties was 6.1.
Concentrations of total VFA (Table 6 ) in rumen fluid exhibited a day × time interaction (P < 0.001) and a tendency for a wheat variety × time interaction (P = 0.10). Concentrations of total VFA increased more rapidly on d 1 than on d 2. This is due to the cattle being off feed for about 20 h, which reduced the VFA concentrations before grazing, and then being allowed to graze the vegetative wheat that increased VFA concentrations greatly on d 1 with smaller increases on d 2. Concentrations of VFA from heifers grazing SR were not different from that of heifers grazing HR at 0600 or 1200 h, but were greater than (P = 0.03) that from heifers grazing HR at 1800 h (data not shown). A day × time interaction (P < 0.001) and a tendency for day × wheat variety interaction (P = 0.07) were detected for molar proportions of acetate. Molar proportions of acetate decreased across progressive sampling times on both days, with a lesser response across sampling times noted on d 2. Molar proportions of acetate from SR and HR were similar on d 1, but those from SR tended to be greater than HR on d 2 (data not shown). Molar proportions of propionate also exhibited interactions of day × time and day × wheat variety (P < 0.05). Propionate molar proportions increased over sampling time on d 1, but not on d 2. Molar proportions of propionate Means in a row within a cattle group without a common superscript differ (P ≤ 0.05).
Means in a row within a cattle group without a common superscript differ (P ≤ 0.10).
1
Nutritive values for each forage represent a composite of samples gathered from 1 pasture; therefore, means cannot be compared statistically.
2
Nutritive values of forage obtained by analyzing composite samples for each pasture for each period (n = 6). Bloat potential of winter wheat forages were similar between heifers grazing HR and SR on d 1, but heifers on HR had a greater (P < 0.05) molar proportion of propionate than SR on d 2 (data not shown). Overall, VFA changed differently on d 1 compared with d 2 of the period because the cattle were shrunk before grazing the vegetative wheat. Also, switching from a diet of moderate quality hay and grain mix to highly digestible forage such as wheat likely caused shifts in VFA production. Rumen fluid ammonia concentrations (Table 6) were affected by sampling time and a day × time interaction (P ≤ 0.001). Rumen ammonia concentrations were least at 0600 h on d 1, after the heifers had been fasted for 20 h. On both days, rumen ammonia concentrations increased with subsequent sampling time with the greatest concentrations observed at 1800 h on both days.
Rumen foam production and strength varied across sampling times (P < 0.05). Foam production increased from 0600 to 1200 h, but decreased to 0600-h levels by 1800 h. A tendency for a wheat variety × day × time interaction ( Figure 2 ; P = 0.07) was detected and helps explain what happened once the cattle were put on the pasture. On d 1, both wheat varieties were similar in foam production at 0600 h. At 1200 h, foam production from both wheat varieties increased, but that of SR was greater (P < 0.05) than that of HR. At 1800 h on d 1 both wheat varieties decreased to 0600 h levels. On d 2, foam production did not vary across times on either wheat variety. This interaction illustrates that when first put onto pastures, foam production increased, but by the end of the day there were only small amounts of foam produced. Cattle are most at risk the first few hours after consuming large amounts of wheat forage. Horn et al. (1976) found that disruptions in grazing patterns from weather fronts increased bloat incidence.
Even with no apparent bloat, the current study shows that foam production ( Figure 2 ) did increase after initiation of grazing. Rumen fluid viscosity (Figure 3 ) was affected by a day × time interaction (P = 0.02). On d 1, rumen fluid was less viscous at 1800 h, whereas on d 2 viscosity of rumen fluid was greater than d 1 at 1200 and 1800 h. These changes in viscosity were not large enough to cause bloat in this study.
To summarize, bloat incidence was minimal in this study. There was no difference in bloat incidence for stocker cattle grazing HR or SR winter wheat. However, SR winter wheat had greater bloat incidence for the cannulated heifers during the 10-d grazing period. Bloat was positively correlated with IVOMD and negatively correlated with NDF and environmental temperature. Rumen fluid from cattle grazing a SR winter wheat variety had greater foam production and strength and was more viscous than rumen fluid from cattle on a HR winter wheat variety. This is counter to the original hypothesis that SR may be less bloat provocative. The differences between the present study and the observations by Daniels et al. (2002) may be due to differences in weather, forage availability, or soil fertility. In the 2-d grazing trial with shrunk cattle, no cases of bloat were observed, likely because the rumen still contained large amounts of digesta from the long-stemmed hay that the cattle had been fed before fasting. Rumen foam production increased at 1200 h on d 1 of Exp. 2, but not on d 2.
In conclusion, for the 2 varieties evaluated, the SR wheat had greater bloat causing potential than the HR wheat when grazed by cannulated heifers, but no differences were observed with stocker cattle. The HR winter wheat variety may have produced less bloat in this study, but because bloat is unpredictable and associated with several factors, more research would be needed before concluding that particular wheat varieties or types are likely to have less or greater bloat potential. Means without a common letter differ (P < 0.05).
